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(57) A drip emitter (10), and methods of assembly
and mounting, are provided for delivering irrigation water
from a supply tube (100) to an emitter outlet (22) at a
reduced and relatively constant flow rate. Water enters
the emitter through a first inlet (16) and proceeds into a
first chamber. When the water pressure is above a pre-
determined level, a one-directional valve (40) opens to
allow fluid flow past the first chamber, through a pressure-
reducing flow channel (38), and through an emitter outlet
(22). A second inlet (18) is used to compensate for water
pressure differences in the supply tube to maintain output
flow atarelatively constantrate. Water enters the second
inletand presses aflexible diaphragm (36) toward a water
metering surface (42) to provide pressure-dependent
control of the output flow. Copper (64) is located near the
emitter outlet to prevent plant root intrusion.

Drip emitter and methods of assembly and mounting

FIG. 3
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Description
FIELD
[0001] The present invention relates to irrigation drip

emitters, and more particularly, to multiple irrigation drip
emitters mounted to a supply tube to form an irrigation
system.

BACKGROUND

[0002] Drip emitters are commonly used in irrigation
systems to convert water flowing through a supply tube
at a relatively high flow rate to a relatively low flow rate
at the outlet of each emitter. Each drip emitter generally
includes a housing defining a flow path that reduces high
pressure water entering the drip emitter into relatively
low pressure water exiting the drip emitter. Multiple drip
emitters are commonly mounted on the inside or outside
of a water supply tube. In one type of system, a large
number of drip emitters are mounted at regular and pre-
determined intervals along the length of the supply tube
to distribute water at precise points to surrounding land
and vegetation.

[0003] Subsurface drip emitters provide numerous ad-
vantages over drip emitters located and installed above
ground. First, they limit water loss due to runoff and evap-
oration and thereby provide significant savings in water
consumption. Water may also be used more economi-
cally by directing it at precise locations of the root systems
of plants or other desired subsurface locations.

[0004] Second, subsurface drip emitters provide con-
venience. They allow the user to irrigate the surrounding
terrain at any time of day or night without restriction. For
example, such emitters may be used to water park or
school grounds at any desired time. Drip emitters located
above ground, on the other hand, may be undesirable at
parks and school grounds during daytime hours when
children or other individuals are present.

[0005] Third, subsurface emitters are not easily van-
dalized, given their installation in a relatively inaccessible
location, i.e., underground. Thus, use of such subsurface
emitters results in reduced costs associated with replac-
ing vandalized equipment and with monitoring for the oc-
currence of such vandalism. For instance, use of subsur-
face emitters may lessen the costs associated with main-
tenance of publicly accessible areas, such as parks,
school grounds, and landscaping around commercial
buildings and parking lots.

[0006] Fourth, the use of subsurface drip emitters can
prevent the distribution of water to undesired terrain, such
as roadways and walkways. More specifically, the use
of subsurface drip emitters prevents undesirable "over-
spray." In contrast, above-ground emitters often gener-
ate overspray that disturbs vehicles and/or pedestrians.
The above-identified advantages are only illustrative;
other advantages existin connection with the use of sub-
surface drip emitters.
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[0007] Although some advantages of subsurface emit-
ters are described above, it would be desirable to provide
an improved drip emitter design that can be used in both
subsurface and above ground applications. For both ap-
plications, there is a need to provide for a relatively con-
stant water output from each of the emitters in the irriga-
tion system. More specifically, it is desirable to provide
pressure compensation so as to ensure that the flow rate
of the first emitter in the system is substantially the same
as the last emitter in the system. Without such flow rate
compensation, the last emitter in a series of emitters will
experience a greater pressure loss than the first. Such
pressure loss results in the inefficient and wasteful use
of water.

[0008] There is also a need in the irrigation industry to
keep drip emitters for both subsurface and above ground
applications from becoming obstructed, which results in
insufficient water distribution and potential plant death.
Obstruction of an emitter may result from the introduction
of grit, debris, or other particulate matter from debris en-
tering the emitter through the supply tube. It is therefore
desirable to have an inlet that is small enough to filter out
particles that might otherwise clog flow passages in the
body of the emitter. The flow through area of the inlet,
however, must also be large enough to allow proper func-
tioning of the drip emitter.

[0009] Obstruction of an emitter may also result from
the introduction of particulate matter entering the emitter
from the terrain being irrigated, i.e., "back siphoning" into
the emitter through the outlet. Such obstruction of an
emitter may result in severe, and in some cases com-
plete, flow restriction, potentially preventing the emitter
from operating entirely. Many irrigation systems depend
on the operation of each specifically situated emitter for
sufficient water coverage to maintain healthy grass, crop,
or other plant growth. Accordingly, there is a need to pre-
vent subsurface drip emitters from becoming obstructed
by back siphoning.

[0010] Further, there is a need to prevent obstruction
of an emitter outlet by plant roots intruding into the outlet.
Some conventional methods of preventing root intrusion,
and the accumulation of microscopic organisms, involve
the use of herbicides, fungicides, algaecides, biocides,
etc. For example, in some instances, herbicides have
been released indiscriminately into the soil in an attempt
to prevent plant root intrusion. Alternatively, herbicides
have been mixed with the plastic materials from which
the irrigation supply tube is made. Also, such chemicals
have sometimes been mixed in dilute quantities with the
irrigation water distributed by the tube.

[0011] These conventional methods are often not di-
rected specifically to the emitters and emitter outlets and,
therefore, may be of only limited effectiveness in prevent-
ing rootintrusion. In addition, such conventional methods
generally target plants and the environment indiscrimi-
nately and may have serious adverse effects on the
health of plants, as well as the broader environment as
a whole. Accordingly, there is a need for a mechanism
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that is more targeted and more environmentally friendly.
[0012] Drip emitters are commonly formed of multiple
housing components and a flexible diaphragm. Even
slight misalignment of these housing components and
diaphragm during assembly may result in a malfunction-
ing drip emitter. Thus, in addition to the above needs, it
would be desirable to improve the mounting and align-
ment of the housing components and diaphragm during
assembly. It would also be desirable to use a snap-fit
manner of attaching the two housing pieces to reduce
the cost of manufacturing the emitter and to improve as-
sembly of the emitter.

SUMMARY OF THE INVENTION

[0013] A first aspect of the invention relates to an irri-
gation drip emitter comprising:

a housing including a first housing portion and a sec-
ond housing portion, the first housing portion defining
an inlet and the second housing portion defining a
pressure reducing flow channel and a first outlet;

a diaphragm mounted between the first housing por-
tion and the second housing portion and forming in
part a valve having an open position and a closed
position; and

afirst flow path from the inlet through the valve when
in the open position, through the pressure reducing
flow channel, and through the first outlet; and
wherein at least one of the first and second housing
portions includes one or more members for substan-
tially fixed alignment of the diaphragm to limit move-
ment of the diaphragm.

[0014] Preferably the irrigation drip emitter comprising
one or more tabs formed in one of the housing portions
to define a predetermined distance corresponding to a
width of the diaphragm, the one or more tabs aligning
the diaphragm to resist movement of the diaphragm in
at least a first direction.

[0015] Preferably the irrigation drip emitter comprising
one or more stops formed on one of the housing portions
to define a predetermined distance corresponding to a
length of the diaphragm, the one or more stops aligning
the diaphragm to resist movement of the diaphragm in
at least a direction perpendicular to the first direction.
[0016] In a preferred embodiment of the irrigation drip
emitter the first housing portion has a first curved surface
and the second housing portion has a second curved
surface, the first and second curved surfaces having sub-
stantially the same radius of curvature for mounting the
first and second housing portions to an inside wall of a
supply tube.

[0017] Preferably the irrigation drip emitter comprising
a post projecting from the second housing portion and
adapted for engagement with an inside wall of a supply
tube to form a second outlet.

[0018] In a preferred embodiment of the irrigation drip
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emitter the post has an |-shaped cross-section that is
oriented transverse to a longitudinal dimension of the drip
emitter to define at least in part two outlet openings of
the second outlet.

[0019] Preferably the irrigation drip emitter of compris-
ing a second flow path into a pressure compensation
chamber defined by the first housing portion and the di-
aphragm.

[0020] Preferably the irrigation drip emitter comprising
a metering chamber defined by the second housing por-
tion and the diaphragm, wherein the diaphragm is de-
flected into the metering chamber in response to pres-
sure exerted against the diaphragm by fluid flowing into
the pressure compensation chamber.

[0021] In a preferred embodiment of the irrigation drip
emitter the second housing portion includes a grooved
surface that defines a portion of the metering chamber
and wherein the diaphragm is deflected toward the
grooved surface to regulate fluid flowing through the first
outlet in response to fluid pressure in the pressure com-
pensation chamber.

[0022] In a preferred embodiment of the irrigation drip
emitter the pressure reducing flow channel comprises a
plurality of baffles to cause directional changes in fluid
flow.

[0023] Preferably the irrigation drip emitter comprising
copper located downstream of the first outlet.

[0024] In a preferred embodiment of the irrigation drip
emitter the copper is in the form of a copper member
mounted to the second housing portion.

[0025] In a preferred embodiment of the irrigation drip
emitter the copper is in the form of a copper layer applied
to the second housing portion.

[0026] In a preferred embodiment of the irrigation drip
emitter the copper is located in a chamber defined at
least in part by the second housing portion, the chamber
forming a copper ion bath for fluid flowing along the first
flow path.

[0027] A further independent aspect of the invention
relates to an irrigation drip emitter comprising:

a housing including a first housing portion and a sec-
ond housing portion, the first housing portion defining
an inlet and the second housing portion defining a
pressure reducing flow channel and a first outlet;

a diaphragm mounted between the first housing por-
tion and the second housing portion and forming in
part a valve having an open position and a closed
position; and

afirst flow path from the inlet through the valve when
in the open position, through the pressure reducing
flow channel, and through the first outlet;

wherein the first housing portion comprises a valve
surface that is engaged by the valve when in the
closed position and wherein the inlet comprises one
or more inlet openings spaced substantially outside
an outer perimeter of the valve surface such that the
valve cannot overlap with the plurality of openings.
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[0028] In a preferred embodiment of the irrigation drip
emitter the one or more inlet openings comprise a plu-
rality of inlet openings sized to filter particulate matter
exceeding a predetermined size from entering the drip
emitter.

[0029] In a preferred embodiment of the irrigation drip
emitter the inlet openings are elongated inlet openings.
[0030] In a preferred embodiment of the irrigation drip
emitter the inlet openings are arcuate.

[0031] In a preferred embodiment of the irrigation drip
emitter the inlet openings are disposed in a ring.

[0032] In a preferred embodiment of the irrigation drip
emitter the valve comprises a first portion responsive to
pressure to activate the valve between the open position
and the closed position and a second portion defining an
opening in the diaphragm, the second portion engaging
the valve surface to provide an even seal when in the
closed position when fluid pressure is below a predeter-
mined level.

[0033] In a preferred embodiment of the irrigation drip
emitter the first portion comprises an annular portion ex-
tending outward beyond the second portion and the sec-
ond portion comprises a tubular portion.

[0034] In a preferred embodiment of the irrigation drip
emitter the second housing portion defines a plurality of
pins aligned with the diaphragm valve, the plurality of
pins spaced to evenly support the valve when in the open
position and to prevent the valve from becoming fixed in
the open position.

[0035] Preferably the irrigation drip comprising copper
located downstream of the first outlet.

[0036] In a preferred embodiment of the irrigation drip
emitter the copper is in the form of a copper member
mounted to the second housing portion.

[0037] In a preferred embodiment of the irrigation drip
emitter the copper is in the form of a copper layer applied
to the second housing portion.

[0038] In a preferred embodiment of the irrigation drip
emitter the copper is located in a chamber defined at
least in part by the second housing portion, the chamber
forming a copper ion bath for fluid flowing along the first
flow path.

[0039] A further independent aspect of the invention
relates to an irrigation drip emitter comprising:

a housing including a first housing portion and a sec-
ond housing portion, the first housing portion defining
an inlet and the second housing portion defining a
pressure reducing flow channel and a first outlet;

a diaphragm mounted between the first housing por-
tion and the second housing portion and forming in
part a valve having an open position and a closed
position;

afirst flow path from the inlet through the valve when
in the open position, through the pressure reducing
flow channel, and through the first outlet; and
wherein the first and second housing portions in-
clude a plurality of spaced interlocking engagement
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members for alignment and mounting of the first
housing portion to the second housing portion to re-
sist detachment of the first housing portion from the
second housing portion.

[0040] In a preferred embodiment of the irrigation drip
emitter the engagement members comprise one or more
barbs formed in one of the housing portions that engage
one or more pockets formed in the other of the housing
portions for snap fit engagement of the first housing por-
tion to the second housing portion.

[0041] In a preferred embodiment of the irrigation drip
emitter the engagement members further comprise one
or more posts formed in one of the housing portions that
engage one or more slots formed in the other of the hous-
ing portions for alignment of the first and second housing
portions.

[0042] In a preferred embodiment of the irrigation drip
emitter the one or more barbs and posts are spaced at
predetermined intervals along the first housing portion
and wherein the one or more barbs alternate with the one
or more posts.

[0043] A further aspect of the invention relates to a
method of assembling an irrigation drip emitter, the emit-
ter having a first housing portion, a second housing por-
tion, and a diaphragm, the method comprising:

forming one or more tabs in one of the housing por-
tions to define a first predetermined distance corre-
sponding to a first dimension of the diaphragm;
forming one or more stops in one of the housing por-
tions to define a second predetermined distance cor-
responding to a second dimension of the diaphragm;
locating the diaphragm to engage the one or more
tabs to limit movement of the diaphragm in a first
direction and to align the diaphragm with the first and
second housing portions; and
locating the diaphragm to engage the one or more
stops to limit movement of the diaphragm in a second
direction transverse to the first direction and to align
the diaphragm with the first and second housing por-
tions.
[0044] Preferably the method further comprising:
forming a plurality of barbs in one of the housing
portions at predetermined intervals;
forming a plurality of pockets in the other of the hous-
ing portions at the predetermined intervals, each
pocket configured for reception of one barb;
locating the diaphragm between the first and second
housing portions; and interlocking each barb with the
corresponding pocket.

[0045] Preferably the method further comprising ap-
plying copper to at least a portion of the emitter.

[0046] A further independent aspect of the invention
relates to a method of mounting an irrigation drip emitter
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to the inner surface of a fluid supply tube, the method
comprising:

extruding a tube;

providing a drip emitter having a projection;
orienting the drip emitter such that a longitudinal di-
mension of the emitter is aligned with the direction
of extrusion of the tube;

feeding the drip emitter into engagement with the
inner surface of the tube such that the projection cre-
ates an outwardly projecting bulge in the tube;
heat bonding the drip emitter to the inner surface of
the tube; and

blindly cutting the bulge and projection to form one
or more outlet openings in the tube.

[0047] In a preferred embodiment of the method the
projection of the drip emitter has an I-shaped cross-sec-
tion that is oriented transverse to the longitudinal dimen-
sion of the drip emitter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1isatop perspective view of an assembled
drip emitter embodying features of the present invention;
[0049] FIG. 2 is a bottom perspective view of the drip
emitter of FIG. 1;

[0050] FIG. 3is atop exploded perspective view of the
drip emitter of FIG. 1;

[0051] FIG. 4 is a bottom exploded perspective view
of the drip emitter of FIG. 1;

[0052] FIG.5 s a cross-sectional view of the drip emit-
ter of FIG. 1 taken along line 5-5 of FIG. 1;

[0053] FIG. 6 is a top plan view of the upper housing
of the drip emitter of FIG. 1;

[0054] FIG. 7 is a bottom plan view of the upper hous-
ing of the drip emitter of FIG. 1;

[0055] FIG. 8isabottom perspective view of the upper
housing of the drip emitter of FIG. 1;

[0056] FIG. 9 is a top plan view of the lower housing
of the drip emitter of FIG. 1;

[0057] FIG.10isabottom perspective view ofthe lower
housing of the drip emitter of FIG. 1;

[0058] FIG.11isacross-sectionalview of the drip emit-
ter of FIG. 1 showing the emitter mounted in an irrigation
supply tube; and

[0059] FIG. 12 is a perspective view of the chimney
and supply tube outlet of the mounted drip emitter of FIG.
11 as seen from outside the supply tube.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0060] As shown in FIGS. 1-5, a drip irrigation emitter
10 is provided for distributing water from a supply conduit
atalow flowrate. The emitter 10 makes use of a pressure-
reducing flow channel 38 that produces a significant re-
duction in pressure between water flowing in the supply
conduit and the emitter outlet 22. The emitter 10 prefer-
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ably includes a first inlet 16 for allowing water to flow
through the body of the emitter 10 to the emitter outlet
22 and a second inlet 18 for allowing water to accumulate
in a pressure compensation chamber 62 to further reg-
ulate fluid flow based on the amount of water pressure
in the supply conduit.

[0061] As described further below, the drip emitter 10
preferably includes one or more of the following features:
(1) afirst inlet 16 made of a plurality of narrow, circum-
ferentially-arranged slits 17 in the housing 12 spaced rel-
atively distant from valve 40 to provide abundant toler-
ance for misalignment of the first inlet 16 with valve 40;
(2) sealing engagement of the valve 40 with a flat surface
13 on the interior of the housing 12 to provide plenty of
tolerance for misalignment of the check valve 40 with the
housing 12; (3) pins 45 located on the interior of the hous-
ing 12 and oriented to support the valve 40 and to de-
crease the occurrence of the valve 40 becoming improp-
erly fixed in an open position; (4) orientation of a chimney
26 to improve fluid flow out of the supply tube regardless
of variations in chimney cutting during manufacturing;
and (5) barbs 74 on one housing piece that engage cor-
responding pockets 76 on a second housing piece to
fasten the housing pieces together (and additional struc-
tural features for alignment of the housing pieces and a
diaphragm 36), thereby reducing the cost of manufactur-
ing the emitter 10 and allowing more secure mounting of
the emitter 10 to the supply conduit.

[0062] AsshowninFIGS. 3-4,the emitter 10 preferably
includes a two-piece housing 12, i.e., an upper housing
30 and a lower housing 32, which sandwiches a dia-
phragm 36. The diaphragm 36 is generally planar and
defines the valve 40 beneath the first inlet 16. The valve
40 opens and permits water flow between the first inlet
16 and the emitter outlet 22 when the supply water pres-
sure is above a predetermined minimum level. The valve
40, however, closes off the flow path through the emitter
10 when the water pressure falls below the predeter-
mined minimum level, as may occur when an irrigation
cycle is completed.

[0063] The upper housing 30 preferably includes the
first and second inlets 16 and 18 in its top 14. Fluid flows
through inlet openings, preferably in the form of elongat-
ed openings, or slits 17, that constitute the first inlet 16
and through the body of the emitter 10 to the emitter outlet
22. More specifically, water flows through the inlet slits
17 and through an opening 46 in the diaphragm 36 (which
forms part of the valve 40, as described further below)
and through the rest of the emitter body. The inlet slits
17 are preferably small enough to filter out debris that
might block fluid flow through the interior of the emitter 10.
[0064] A significant concern with the positioning of the
slits 17 is misalignment of the first inlet 16 with respect
to the opening 46 of the valve 40 in the diaphragm 36.
Without careful alignment, the slits 17 may be spaced
too close to the opening 46 in the diaphragm 36 because
of variations during the manufacturing process. If the di-
aphragm 36 is slightly misaligned with respect to the
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housing 12 during assembly, the diaphragm opening 46
may overlap one or more of the slits 17. This misalign-
ment will cause the valve 40 to be bypassed when the
valve 40 is closed, i.e., water will flow through the valve
40 even though it is in a closed position.

[0065] Accordingly, thefirstinlet 16 preferably includes
a predetermined firstinlet geometry that avoids this prob-
lem. More specifically, the first inlet 16 is made of a plu-
rality of narrow slits 17 that are arranged in a circular
pattern and that are spaced relatively circumferentially
distant from the valve 40. This orientation provides ad-
ditional tolerance for the misalignment of the first inlet 16
and the valve 40 that may result during assembly of the
drip emitter 10. This arrangement also provides a rela-
tively large sealing surface for the valve 40, as explained
further below. Thus, even if there is some misalignment
of the upper housing 30 and the diaphragm 36 in any
direction, the valve 40 will not be bypassed, i.e., water
will not flow through the valve 40 when it is in the closed
position, because it cannot reach the slits 17 to be over-
lapped with any one of them.

[0066] Theslits 17 are preferably sized so as to provide
a total cross-sectional area sufficient to allow fluid to flow
into the first inlet 16 to cause the valve 40 to open at a
predetermined pressure. The slits 17 are relatively small
and shaped to prevent clogging of the emitter 10. For
example, the preferred slits 17 are each generally arcu-
ate in shape with a width on the order of about 0.013
inches and a length on the order of about 0.025 to 0.030
inches. In contrast, early designs used three circular
holes with each having a 0.025 inch diameter.

[0067] Because the slits 17 are configured smaller,
however, potential exists for some to clog, at least in part,
when the filtering collects a particle. Therefore, it is pref-
erable to include a number of slits 17 (such as eight)
having a total cross-sectional area that allows the valve
40to operate evenif some of the slits 17 become blocked,
in whole or in part. The combined flow through area of
the preferred eight slits is about 0.00327 square inches,
which is over two times larger than the area of an earlier
design that used three circular holes (having a combined
area of about 0.0015 square inches).

[0068] The slits 17 are also preferably arranged cir-
cumferentially, or in a ring, in order to maximize their
spacing from the center of the flat surface 13 (FIGS. 4,
7, and 8), which acts as a seat for the valve 40 when in
the closed position. This flat surface, or valve surface 13,
preferably has a generally circular shape with the valve
40 engaging the valve surface 13 near the center and
with the slits 17 spaced radially outward on the circum-
ference. Early designs used three circular holes that were
located relatively close to the center. It has been deter-
mined that these holes were located too close to the in-
tended outer perimeter of the valve surface 13 and, in
some instances, the opening 46 in the valve 40 would
overlap with one or more of the holes at least in part, and
thus, the valve 40 would not completely close. This tends
to happen when the upper housing 30 and the diaphragm
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36 are misaligned, such as during assembly. The radius
from the center to the inner diameter of the slits 17 is
preferably on the order of about 0.075 inches, and the
valve opening 46 preferably has a radius on the order of
0.0225 inches. Thus, the slits 17 are located well outside
of the outer perimeter required for the valve sealing sur-
face such that the valve 40 cannot overlap any of the
plurality of slits 17, even where normal manufacturing
variations result in misalignment.

[0069] The drip emitter 10 also preferably includes a
second inlet 18 in the upper housing 30. The second inlet
18 preferably includes two circular inlet holes 19. In con-
trast to the firstinlet 16, water flowing through the second
inlet 18 does not flow through the emitter body. Instead,
water passes through the circular holes 19 and accumu-
lates in a pressure compensation chamber 62 and press-
es against the diaphragm 36, as described further below.
Fluid flowing into the second inlet 18 accumulates in the
interior of the emitter 10, applying pressure to the dia-
phragm 36 in an amount substantially equivalent to the
pressure in the supply tube 100. Because water flowing
through the second inlet 18 does not flow through the
emitter 10, the holes 19 of the second inlet 18 need not
filter the inflowing water and the holes 19 need not be
small in cross-section. Indeed, the geometry and ar-
rangement of the inlet holes 19 of the second inlet 18
may be different geometries, as long as the holes 19 are
aligned above the chamber 62.

[0070] As showninFIGS. 2 and 11, the lower housing
32 of the emitter 10 defines a base 20 of the emitter 10
that is mounted to the inside surface 110 of the supply
tube 100. The lower housing 32 has a raised rim 28 that
extends about the perimeter of the base 20. During as-
sembly, the raised rim 28 of each emitter 10 is pressed
into sealing engagement with the inside surface 110.
When each emitter 10 is mounted, a chamber is formed
by the base 20 (inside the raised rim 28) and the inside
surface 110 of the supply tube 100. This chamber, or
outlet bath 34, forms part of the flow path for fluid flowing
through the emitter 10 from inside the supply tube 100
to outside the supply tube 100.

[0071] The chimney 26 preferably projects outwardly
from the base 20 of the emitter 10. The chimney 26 pref-
erably has an I-shaped cross-section, and the chimney
structure is used to create the supply tube outlet 120.
More specifically, as the emitter 10 is being mounted to
the inside surface 110 of the supply tube 100 during as-
sembly, the chimney 26 pushes against the inside sur-
face 110 and causes it to bulge outwardly, and a cutting
tool is used to cut a portion of the chimney 26 to form the
supply tube outlet 120. After cutting, the uncut portion of
the chimney 26 extends from the base 20 and into the
supply tube outlet 120 and defines a portion of the fluid
flow path from the inside to the outside of the supply tube
100 (FIG. 12). The cutting operation is performed in a
longitudinal direction of the housing 12, i.e., from front to
rear of the housing 12 or vice versa, which results in a
longitudinally-extending, generally oval-shaped outlet
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120 with the orientation shown in FIG. 12.

[0072] The orientation of the I-shaped chimney 26 is
significant with respect to fluid flow through the emitter
10. Water flows through the emitter outlet 22, flows
through outlet bath 34, flows through the "I" of the chim-
ney, and to the surrounding terrain. The chimney 26 pref-
erably has a predetermined orientation with respect to
the supply tube outlet 120, as shown in FIG. 12, to facil-
itate fluid flow through the outlet 120. More specifically,
the chimney 26 has an I-shaped cross-section oriented
such that the open sections of the "I" face the short ends
of the base 20, i.e., the front and the rear of the base 20.
The advantage of orienting the chimney 26 in the manner
shown is that, when the chimney 26 is cut during assem-
bly, the I-shaped uncut portion forms two large flow open-
ings 27 at the open sections of the "I." Thus, this orien-
tation allows trickle flow through the supply tube outlet
120 and allows for variations in cutting during the assem-
bly process.

[0073] In contrast, if the chimney 26 in Figure 12 is
rotated 90 degrees such that the open sections of the "I"
face the long sides of the supply tube outlet 120 (as in
early designs), the flow openings through the outlet 120
may be formed too narrowly. These narrow openings are
aresultof the assembly process, which results in an elon-
gated cut that forms the supply tube outlet 120. With the
chimney 26 in Figure 12 rotated 90 degrees from the
orientation shown, the assembly cut results in four small-
er openings - two formed by the open sections of the "I"
and two formed outside the top and bottom of the "I" -
due to the cutting direction. Under this arrangement, if
the assembly cut is smaller than intended, one or more
of the four narrow openings will be too small and will
cause emerging water to be squirted, rather than to drip
out of the opening. This squirting is aesthetically unap-
pealing and also may cause the water to be emitted be-
yond the targeted location.

[0074] As shownin FIGS. 3 and 4, the emitter 10 pref-
erably includes four pieces: the upper housing 30, the
lower housing 32, the diaphragm 36, and a copper mem-
ber 64. The upper housing 30 is adapted for assembly
with the lower housing 32 (as described further below)
to form a substantially enclosed housing interior, which
encloses the diaphragm 36. As shown, the diaphragm
36 is preferably a one-piece body extending the length
of the housing pieces but multiple, separate diaphragm
pieces also may be used. A copper member 64 is pref-
erably mounted to the underside of the lower housing 32
to inhibit the growth of roots or vegetation into the emitter
10.

[0075] The upper and lower housings 30 and 32 pref-
erably include attachment features for fastening them to
one another. The upper housing 30 and the lower housing
32 snap fit together with each housing portion preferably
being separately bonded to the inside of the supply tube
100. These features provide for ease of manufacture, as
well as improved strength of bonding of the drip emitter
10 to the supply tube 100. The diaphragm 36 is inserted
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between the upper and lower housings 30 and 32 prior
to the snap fit assembly.

[0076] As canbe seenin FIGS. 7-10, the upper hous-
ing 30 and lower housing 32 have engagement members
to fasten the two housing pieces together. The upper
housing 30 preferably has projecting barbs 74, preferably
three projecting barbs, on each side of the upper housing
30 (FIGS. 7-8). The three barbs 74 have hooked flanges
78 that, after assembly, engage three indented recesses,
or pockets 76, formed in the lower housing 32. Each
flange 78 extends generally inwardly to snap fit, i.e., in-
terlock, with the corresponding pocket 76 of the lower
housing 32 (FIGS. 9 and 10). In addition, the barbs 74
of the upper housing 30 preferably alternate with posts
80, preferably two posts on each side, that slide into two
slots 82 formed on each side of the lower housing 32.
The four posts 80 are situated between each of the barbs
74 to align the two housing pieces with one another. The
snap design reduces cost because it allows faster as-
sembly of the housing than welding the two housing piec-
es together.

[0077] Additional engagement members are prefera-
bly included to assist with the alignment and mounting
of the two housing pieces and the diaphragm 36. More
specifically, the upper housing 30 preferably includes lon-
gitudinal tabs 84 that project from the interior of the upper
housing 30. These tabs 84 (preferably four) extend in a
longitudinal direction and are aligned with four corre-
sponding longitudinal grooves 86 in the lower housing
32. The spacing between tabs 84 to either side of the
upper housing 30 corresponds generally to the width of
a central strip 37 of the diaphragm 36. Similarly, the spac-
ing between grooves 86 to either side of the lower hous-
ing 32 corresponds generally to the width of the central
strip 37 of the diaphragm 36. These tabs 84 and grooves
86 are positioned and coordinated with the diaphragm
36 to hold and position the diaphragm 36 and prevent
movement in a direction perpendicular to the longitudinal
direction.

[0078] Additional engagement members are prefera-
bly included to orient and prevent movement of the dia-
phragm 36 in a longitudinal direction. More specifically,
the upper housing 30 includes two stops 88 that are re-
ceived in two recesses 90 of the lower housing 32. The
spacing between the stops 88 corresponds generally to
the length of the diaphragm 36. The stops 88 are located
at each longitudinal end of the upper housing 30, and the
recesses 90 are located at each corresponding longitu-
dinal end of the lower housing 32. The diaphragm 36
preferably includes a slot 92 at one end of the diaphragm
36 that is sized for sliding reception with one of the two
stops 88. The diaphragm 36 is thus held generally fixed
between the two stops 88.

[0079] Another aspect of the emitter 10 is the welding
of both housing portions 30 and 32 to the inside of the
tube 100. The lower housing 32 is welded to the tube 100
at the engagement surface formed by the raised rim 28.
In addition to the lower housing 32, the upper housing
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30 is also welded to the tube 100. More specifically, as
can be seen in FIGS. 2, 4, 8, and 10, the upper housing
30 and the lower housing 32 each have inclined or curved
surfaces 31 and 33, respectively, that allow for welding
of both housing portions to the inner curvature of the tube
100. These inclined surfaces 31 and 33 preferably have
a radius of curvature similar to that of the inside surface
110 of the tube 100. By welding both housing portions to
the tube 100, the emitter 10 is more securely fixed to the
inside of the tube 100 than if just one housing portion
were so welded. This secure mounting resists detach-
ment of the emitter 10 and reduces the potential for the
housing components to become separated, such as may
occur, for example, if the tube 100 becomes twisted. In
addition to being more securely mounted, the emitter 10
is more completely sealed to the tube 100, thereby pre-
venting bypass flow around the emitter 10, i.e., fluid flow-
ing from the supply tube 100 directly to the supply tube
outlet 120 without flowing through the emitter 10.
[0080] The flexible diaphragm 36 is preferably a sili-
cone or rubber membrane extending between the hous-
ing portions. As shown in FIGS. 3-4, the diaphragm 36
is dimensioned to overlap and seal against the pressure-
reducing flow channel 38 and the water metering surface
42 of the lower housing 32. The diaphragm 36 has a first
end 50 located beneath, and in flow communication with,
the first inlet 16. The first end 50 defines the valve 40,
which regulates flow from the firstinlet 16 to the pressure-
reducing flow channel 38, as described below. The first
end 50 of the diaphragm 36 extends into the central, elon-
gated strip 37, which overlays and sealingly engages the
pressure-reducing flow channel 38. In turn, the central
strip 37 extends into a second end 56 of the diaphragm
36, which is located beneath, and is in fluid communica-
tionwith, the second inlet 18. The second end 56 overlaps
and sealingly engages the water metering surface 42 of
the lower housing 32.

[0081] As shown in FIG. 9, the lower housing 32 in-
cludes an inlet end 44, the pressure-reducing flow chan-
nel 38, and the water metering surface 42, which are
formed on the interior side of the lower housing 32. Water
flows in the flow path defined by the interior side of the
lower housing 32 and the overlaying diaphragm 36. More
specifically, water enters the inlet end 44, flows through
the pressure-reducing flow channel 38, and flows through
the water metering surface 42 to the emitter outlet 22.
[0082] The pressure-reducing flow channel 38 prefer-
ably includes a number of alternating, flow diverting baf-
fles 60 projecting partially into the flow channel 38 and
causing frequent, regular, and repeated directional
changes in water flow. Accordingly, the water flow takes
on a back and forth zigzag pattern. The pressure-reduc-
ing flow channel 38 causes a relatively significant reduc-
tion in water pressure. In contrast, the water metering
surface 42 is responsive to differences in water pressure
in the irrigation tube 100 to cause a more subtle reduction
in pressure.

[0083] With reference to FIGS. 3, 5, and 11, the valve
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40 is preferably a check valve, or other one-way direc-
tional valve, and is positioned between the first inlet 16
and the inlet end 44 of the pressure-reducing flow chan-
nel 38. The valve 40 opens and permits water flow be-
tween the first inlet 16 and the emitter outlet 22 when the
supply water pressure is above a predetermined mini-
mum level, such as 5 psi. The valve 40, however, closes
off the flow path through the emitter 10 when the water
pressure falls below the predetermined minimum level,
as may occur when anirrigation cycle is completed. Clos-
ing the flow path through the emitter 10 prevents the wa-
ter in the irrigation supply tube 100 from slowly draining
to the outside through the emitter 10 and prevents back-
flow from entering the tube 100 from the emitter 10. Clos-
ing the flow path also prevents back siphoning into the
emitter 10, i.e., closing the flow path prevents dirt and
debris from outside terrain from entering and clogging
the emitter 10.

[0084] As shown in FIGS. 3 and 5, the valve 40 in-
cludes a tubular or cylindrical portion i.e., a boss 48, of
the diaphragm 36 seated on top of a substantially conical
frustum portion 49 of the diaphragm 36. The boss 48 is
spaced downstream of the first inlet 16 and is hollow,
defining a hole 46 in the diaphragm 36. The boss 48
sealingly engages the upper housing 30 to block the flow
path through the emitter 10 and disengages from the up-
per housing 30 to open the flow path and allow water to
flow into the inlet end 44 and pressure-reducing flow
channel 38.

[0085] Anotherfeature of the emitter 10 is proper align-
ment and sealing engagement of the boss 48 with the
housing interior. Early designs used a projecting disk, or
protrusion, on the housing interior to aid in alignment with
a valve. It has been found, however, that this protrusion
is sensitive to misalignment of the upper housing and
diaphragm during assembly. More specifically, if the
valve 40 is slightly off center such that it is not generally
aligned with the protrusion on the housing 12, an uneven
seal results that causes leaks at low pressure. Accord-
ingly, the emitter 10 includes a boss 48 that preferably
seals against the flat surface 13 on the interior of the
upper housing 30, as described above. The flat surface
13 preferably has a circular polish to create a good seal-
ing engagement with the boss 48.

[0086] During operation, water flowing through the
emitter 10 presses down on the pressure-sensitive and
substantially conical frustum portion, or snap button 49,
which, in turn, if the water pressure exceeds the prede-
termined minimum level, flexes, or "snaps down," caus-
ing the upper end 52 of the boss 48 to disengage from
its sealing engagement with the upper housing 30 and
thereby opening the flow path through the diaphragm
hole 46. If the water pressure does not exceed the pre-
determined level, the snap button 49 does not snap down,
the upper end 42 of the boss 48 remains engaged to
upper housing 30, and the flow path through the dia-
phragm hole 46 remains obstructed. Thus, the snap but-
ton 49 operates between two positions - araised position,
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in which the boss 48 is sealingly engaged to the upper
housing 30, and a lowered position, in which the boss 48
is disengaged from the upper housing 30.

[0087] Another aspect of the emitter 10 is the proper
operation of the valve 40, i.e., that it remain open when
the pressure is above the predetermined pressure and
that it remain closed when the pressure is below the pre-
determined pressure. Early designs used an uneven,
asymmetric rib formed on the lower housing and posi-
tioned underneath the valve to prevent the valve from
being jammed in an open position. The emitter 10 uses
three equally-spaced pins 45 (FIGS. 3 and 9) to provide
a more symmetric arrangement and to prevent jamming
of the valve 40. These pins 45 support the valve 40 even-
ly, thereby preventing inversion of the valve 40 and pre-
venting it from becoming fixed in the open position.
[0088] The symmetric arrangement of the pins 45 (re-
sulting in even support of the valve 40) ensures that the
valve 40 remains aligned parallel to the valve surface 13
throughout its upward and downward travel. In contrast,
it has been found that an asymmetric arrangement of
pins 45 may result in non-parallel alignment and a crook-
ed engagement between valve 40 and valve surface 13.
As a result, the valve 40 may not seal until a pressure
lower than intended because the valve 40 is forced to
realign itself to engage the valve surface 13 in a parallel
manner. Accordingly, the symmetric arrangement of the
pins 45 allows the valve 40 to more consistently form a
seal at the desired pressure.

[0089] The relative heights of the diaphragm 36, inlet
chamber 58, and pins 45 are selected to prevent this
inversion and jamming of the valve 40 by setting a max-
imum distance that the top of the valve 40 may move
away from the valve seat 13. For example, the preferred
pins 45 are each about 0.040 inches in height, the pre-
ferred diaphragm 36 is about 0.095 inches in height, and
the preferred inlet chamber 58 is about 0.049 inches in
height. When assembled as shown in Figure 5, the rel-
ative heights of the pins 45, the diaphragm 36, and the
inlet chamber 58 allow the valve 40 to be spaced away
from the valve surface 13 by a preferable maximum dis-
tance of about 0.019 inches when the valve 40 opens.
Different relative heights may allow the valve 40 to be-
come stuck open (e.g., if the pins 45 are too short) or
may prevent the valve 40 from being sufficiently open
(e.g., if the pins 45 are too tall). Thus, there must be a
coordinated balance between the pins 45 and the desired
flow opening.

[0090] During operation, water flowing through the ir-
rigation tube 100 enters the emitter 10 through the first
inlet 16. It then enters a first inlet chamber 58 defined, at
least in part, by a portion of the upper housing 30, the
boss 48, and the snap button 49. The boss 48 initially is
in sealing engagement with a portion of the upper housing
30 to block the flow channel through the diaphragm open-
ing 46. If the pressure of water flowing into the first cham-
ber 58 and impacting the snap button 49 is below a pre-
determined minimum level, the boss 48 remains in seal-
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ing engagement with the upper housing 30, which, in
effect, acts as a valve seat. If, however, the pressure of
water flowing into the first chamber 58 and impacting the
snap button 49 is above the minimum level, the upper
end 52 of the boss 48 disengages from the upper housing
30, thereby opening the flow channel through the dia-
phragm opening 46.

[0091] Water then flows through the opening 46 in the
diaphragm 36 to the inlet end 44 of the pressure-reducing
flow channel 38. The water then experiences multiple
directional changes as it is constantly redirected by the
flow-diverting baffles 60 defining the pressure-reducing
flow channel 38. This repeated redirection significantly
reduces the water pressure and water flow by the time
the water reaches the outlet end 54 of the pressure-re-
ducing flow channel 38. The water then flows through a
water metering chamber 41, as described further below.
Next, the water proceeds through the emitter outlet 22,
through the outlet bath 34 (defined by the region between
the base 20 and the inside surface 110 of the irrigation
tube 100), and out through the supply tube outlet 120.
The water exits through the supply tube outlet 120 to the
terrain and vegetation outside the tube 100. Once an
irrigation cycle is complete, or if the water pressure in the
irrigation tube 100 otherwise falls below the predeter-
mined minimum level, the boss 48 in the diaphragm 36
returns to its relaxed state, closing the valve 40 and cre-
ating a seal to prevent drainage and back siphoning into
the emitter 10.

[0092] The water metering surface 42 is shown in
FIGS. 3 and 9. The water metering surface 42 is formed
in the lower housing 32 and is generally circular in shape
when viewed from the upper housing 30. It is located
downstream of the outletend 54 of the pressure-reducing
flow channel 38 and is upstream of the emitter outlet 22.
The water metering surface 42 includes a groove 43
formed therein for regulating water flow to the emitter
outlet 22.

[0093] The water metering surface 42 is part of a pres-
sure compensation mechanism for the emitter 10. Water
initially flows through the second inlet 18 and accumu-
lates in a pressure compensation chamber 62 (FIG. 5).
The chamber 62 is defined by the upper housing 30 and
the second end 56 of the flexible diaphragm 36 that over-
lays the water metering surface 42. Water flowing into
the pressure compensation chamber 62 accumulates in
the chamber and does not flow through the rest of the
emitter 10. In other words, the pressure compensation
chamber 62 is sealed from the rest of the emitter 10. As
the water accumulates, the water in the chamber 62
changes pressure with the pressure of the water supply
in the conduit 100 and presses down, accordingly,
against the second end 56 of the flexible diaphragm 36,
thereby flexing and deflecting the diaphragm 36 toward
the water metering surface 42.

[0094] The water metering surface 42 and the overlay-
ing diaphragm 36 form a water metering chamber 41,
located beneath the pressure compensation chamber
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62. During operation of the emitter 10, water pressure in
the pressure compensation chamber 62 causes the dia-
phragm 36 to flex between a fully relaxed position and a
fully distended position, changing the size of the water
metering chamber41. Inturn, this change in size of cham-
ber 41 regulates water flow. More specifically, when the
diaphragm 36 is in a fully relaxed position, the water me-
tering chamber 41 is relatively large in size, allowing a
relatively large fluid flow through the chamber 41. In con-
trast, when the diaphragm 36 is fully distended, the water
metering chamber 41 is relatively small in size, allowing
arelatively small fluid flow through the chamber 41. Thus,
fluid flow through the water metering chamber 41 is re-
duced in general proportion to the amount of pressure
exerted against the second end 56 of the diaphragm 36.
[0095] Further, the water metering surface 42 includes
a groove 43 for regulating fluid flow. As shown in FIGS.
3,5, and 9, the groove 43 has a recessed annular portion
55 that extends about the circumference of the water
metering surface 42 and a recessed radial portion 57
connecting a point along the annular portion 55 to the
emitter outlet 22. When the diaphragm 36 is fully distend-
ed by relatively high pressure, it is deflected into and
presses against the water metering surface 42. The
groove 43 provides a flow path along the depressed an-
nular portion 55 to the depressed radial portion 57 and
out through the emitter outlet 22. The groove 43 allows
output flow even at relatively high water pressure, such
that deflection of the diaphragm 36 does not completely
obstruct fluid flow through the water metering chamber
41. Thus, the diaphragm 36, water metering chamber 41,
water metering surface 42, and groove 43 act as a pres-
sure-dependent mechanism to offset differences in water
pressure in the irrigation tube 100 to maintain the flow
rate through the emitter 10 at a relatively constant level.
[0096] The use of the flexible diaphragm 36 and the
groove 43 also permit the flushing of debris and grit out
of the emitter 10. If grit or debris becomes lodged in the
flow channel of the groove 43, water pressure in the
groove will increase. As the pressure in the groove 43
increases and becomes more similar to the pressure in
the supply tube 100, the flexibility of the diaphragm 36
allows it to be pushed upward, thereby dislodging the
debris.

[0097] In addition, as shown in FIGS. 1, 3, and 6, the
upper housing 30 preferably includes features to assist
in mounting the emitter 10. More specifically, the upper
housing 30 preferably includes two guide ribs 105 for
mounting each emitter 10 to the inside wall 110 of the
supply tube 100. As shown, these guide ribs 105 project
from the upper housing 30 and preferably extend longi-
tudinally near the center of the upper housing 30, al-
though other orientations and arrangements of guide ribs
may be used. During assembly, each emitter 10 is mount-
ed to the inside wall 110 of tube 100, as shown in FIG.
11. More specifically, an insertion device (not shown)
presses against the upper housing 30 of each emitter 10
such that the lower housing 32 of the emitter 10 engages
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the inside wall 110. The guide ribs 105 provide stability
and maintain proper orientation of the emitter 10 during
mounting of the emitter 10 by engaging corresponding
ribs of the insertion device.

[0098] As shownin FIGS. 3-5, a copper member 64 is
preferably used at the emitter outlet 22 to prevent plant
root intrusion. Fluid flowing through the emitter outlet 22
transports copper ions to the outlet bath 34, to the supply
tube outlet 120, and to terrain immediately surrounding
the supply tube outlet 120. These copperions discourage
plant roots from entering the supply tube outlet 120.
[0099] Use of copper is effective because, although
copper is a required nutrient for plant growth, excessive
amounts of copper inhibit root cell elongation. When a
plant root comes into contact with high concentrations of
copper ions, the surface of the root is damaged, the root
hairs die off, and the overall growth of the root is stunted.
The copper, however, does not cause any serious dam-
age to the plant itself. Because the copper remains in the
plant’s root tissue, it only inhibits growth of the roots in
close proximity to the copper and does not affect the over-
all health of the plant. The amount of copper that is taken
up by fluid flowing through the emitter 10 is infinitesimal,
and therefore, the life of the copper member 64 is ex-
tremely long.

[0100] One cost effective form of a copper member 64,
shown in FIGS. 3-5, is a thin rectangular copper plate 66
having two holes 68 and 70 therethrough. The first hole
68 is preferably dimensioned to receive a locator peg 72
protruding from the base 20 of the emitter 10 to provide
a mounting for the plate 66, and the copper plate 66 is
preferably heat staked to the peg 72. The two holes 68
and 70 on the plate 66 are spaced such that, when the
first hole 68 is positioned over the locator peg 72, the
second hole 70 is situated over the emitter outlet 22. Al-
ternatively, the copper plate 66 may be mounted to the
base 20 of the emitter 10 in various ways, i.e., the copper
plate 66 can be compression fitted, glued, co-molded, or
otherwise mounted to the base 20. Alternatively, part or
all of the base 20 may be flashed with a thin protective
copper layer about the emitter outlet 22. As should be
evident, the copper member 64 may take on any of var-
ious other forms besides the copper plate 66.

[0101] Two T-shaped mounts 65 located at the ends
of the base 20 also are preferably used in mounting the
base 20 to the inner surface 110 of the irrigation tube
100. The T-shaped mounts 65 assist in securing the emit-
ter 10 to the irrigation tube 100 and provide additional
mounting support for the raised rim 28. The T-shaped
mounts 65 also provide structural integrity to the emitter
10 for resisting forces exerted by water flowing in the
irrigation tube 100 and forces exerted when a chimney
26 is used to create an opening in the tube wall 110. The
T-shaped mounts 65 also may be used to provide support
for the copper member 64. Although the mounts 65 are
shown in FIG. 10 as T-shaped, it should be evident that
the mounts may have various other shapes, such as cir-
cular or L-shaped, that may be used in other embodi-
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ments for mounting the emitter 10 to the inner surface
110 of the irrigation tube 100.

[0102] The preferred material for the member 64 con-
sists of entirely, or almost entirely, copper. Copper alloy,
including alloy containing 50% or more copper, may also
be usedtoinhibitrootintrusion. Alternatively, the member
64 may include non-copper and copper potions, such as
a plastic core surrounded completely or in part by an
outer copper layer. Further, as should be evident, the
geometry, dimensions, and arrangement of such copper
members 64 may vary depending on the specific shape
and size of the drip emitter and its outlet and is not limited
to the geometry of the embodiments shown in FIGS. 3-5.
[0103] One significant advantage of the copper mem-
ber 64 is that the emitter outlets 22 are easily locatable
for subsurface applications. Subsurface drip emitters,
made of plastic, silicone, and rubber components, and
buried underground, are generally not readily locatable
from above ground. By using copper at the emitter outlet
22 of each emitter 10, a metal detector can be used to
easily locate the exact position of emitter outlets 22 in
the drip irrigation tube 100 despite the fact that the tube
100 and emitters 10 are buried.

[0104] Moreover, copper installed in each emitter 10
can be located with a metal detector so that irrigation
tubes 100 and emitters 10 can be easily located years
after the system is installed. For example, this feature
helps easily locate irrigation tubes 100 underground to
preventtube puncture that may result from the installation
of aeration equipment, tent stakes, signs, etc. This fea-
ture also helps easily locate irrigation tubes 100 and emit-
ters 10 underground to accomplish maintenance prac-
tices on the tubes 100 and emitters 10, such as replacing
pieces of tubing, changing the layout of the irrigation sys-
tem, and replacing old emitters with new emitters having
different flow rates.

[0105] Anadditionaladvantage provided by the copper
member 64 is that the protection against intruding plant
roots is not affected by non-level terrain or relative ori-
entation of the drip emitter 10. Chemicals used to prevent
intruding roots may run off or otherwise become distrib-
uted unevenly where the terrain is not level or where the
emitter 10 is oriented in a certain manner. In contrast,
the emitter 10 is protected by the copper member 64,
which is affixed directly thereto, and such protection is
not affected by the unevenness of the terrain or the ori-
entation of the emitter 10.

[0106] Another significant advantage provided by the
copper member 64 is that it does not seriously harm
plants or detrimentally impact the environment. The cop-
per taken up by a plant root has a localized effect on the
root and does not harm the entire plant. Further, the
above embodiments do notrely on the use of an herbicide
to protect against plant root intrusion, which may have a
significant and detrimental plant and environmental im-
pact. Instead, the above embodiments prevent root in-
trusion in an environmentally friendly manner.

[0107] Another advantage provided by the copper
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member 64 is that it does not require user intervention
to inhibit root growth. Solutions that use chemical treat-
ments often require the chemical to be added to the irri-
gation system seasonally. User training is required to en-
sure the user understands that chemicals are required,
and the user must remember to reapply the chemicals
at regular intervals. The copper member 64 avoids these
problems because it is built-in to the product.

[0108] Accordingly, one aspectaddressed hereinis an
irrigation drip emitter 10 comprising: a housing 12 includ-
ing a first housing portion 30 and a second housing por-
tion 32, the first housing portion 30 defining an inlet 16
and the second housing portion 32 defining a pressure
reducing flow channel 38 and a first outlet 22; a dia-
phragm 36 mounted between the first housing portion 30
and the second housing portion 32 and forming in part a
valve 40 having an open position and a closed position;
and a first flow path from the inlet 16 through the valve
40 when in the open position, through the pressure re-
ducing flow channel 38, and through the first outlet 22;
wherein the first housing portion 30 comprises a valve
surface 13 that is engaged by the valve 40 when in the
closed position and wherein the inlet 16 comprises one
or more inlet openings 17 spaced substantially outside
an outer perimeter of the valve surface 13 such that the
valve 40 cannot overlap with the plurality of openings 17.
[0109] Further, the one or more inlet openings 17 may
comprise a plurality of inlet openings sized to filter par-
ticulate matter exceeding a predetermined size from en-
tering the drip emitter 10. Also, the inlet openings 17 may
be elongated inlet openings, arcuate, and/or disposed in
aring.

[0110] In addition, the valve 40 of the irrigation drip
emitter 10 may comprise a first portion 49 responsive to
pressure to activate the valve 40 between the open po-
sition and the closed position and a second portion 48
defining an opening 46 in the diaphragm 36, the second
portion 48 engaging the valve surface 13 to provide an
even seal when in the closed position when fluid pressure
is below a predetermined level. The first portion 49 may
comprise an annular portion extending outward beyond
the second portion 48 and the second portion 48 com-
prises a tubular portion. Further, the second housing por-
tion 32 may define a plurality of pins 45 aligned with the
diaphragm valve 40, the plurality of pins 45 spaced to
evenly support the valve 40 when in the open position
and to prevent the valve 40 from becoming fixed in the
open position.

[0111] Theirrigation drip emitter 10 may comprise cop-
per located downstream of the first outlet 22. The copper
may be in the form of a copper member 64 mounted to
the second housing portion. Also, the copper may be in
the form of a copper layer applied to the second housing
portion 32. Further, the copper may be located in acham-
ber 34 defined at least in part by the second housing
portion 32, the chamber 34 forming a copper ion bath for
fluid flowing along the first flow path.

[0112] In another aspect, the irrigation drip emitter 10
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comprises: a housing 12 including a first housing portion
30 and a second housing portion 32, the first housing
portion 30 defining an inlet 16 and the second housing
portion 32 defining a pressure reducing flow channel 38
and a first outlet 22; a diaphragm 36 mounted between
the first housing portion 30 and the second housing por-
tion 32 and forming in part a valve 40 having an open
position and a closed position; a first flow path from the
inlet 16 through the valve 40 when in the open position,
through the pressure reducing flow channel 38, and
through the first outlet 22; and wherein the first and sec-
ond housing portions 30 and 32 include a plurality of
spaced interlocking engagement members for alignment
and mounting of the first housing portion 30 to the second
housing portion 32 to resist detachment of the first hous-
ing portion 30 from the second housing portion 32.
[0113] In this aspect, the engagement members may
comprise one or more barbs 74 formed in one of the
housing portions that engage one or more pockets 76
formed in the other of the housing portions for snap fit
engagement of the first housing portion 30 to the second
housing portion 32. Also, the engagement members may
comprise one or more posts 80 formed in one of the hous-
ing portions that engage one or more slots 82 formed in
the other of the housing portions for alignment of the first
and second housing portions 30 and 32. Further, the one
or more barbs 74 and posts 80 may be spaced at prede-
termined intervals along the first housing portion 30 and
wherein the one or more barbs 74 alternate with the one
or more posts 80.

[0114] The preferred embodiments also include meth-
ods of assembling the drip emitter 10 and of mounting
the drip emitter 10 to the inside surface 110 of a supply
tube 100. The method of assembly generally involves
assembling the upper housing 30, lower housing 32, and
diaphragm 36. The method preferably includes forming
a plurality of barbs 74 on the upper housing 30 at prede-
termined intervals, forming a plurality of pockets 76 on
the lower housing 32 at the predetermined intervals, in-
serting the diaphragm 36 between the upper housing 30
and lower housing 32, and interlocking each barb 74 with
the corresponding pocket 76. The method of assembly
may further include forming a plurality of tabs 84 on the
upper housing 30 to define a predetermined distance be-
tween the tabs 84 corresponding to a width of the dia-
phragm 36, forming a plurality of grooves 86 on the lower
housing for reception of the plurality of tabs 84, inserting
the diaphragm 36 between the plurality of tabs 84 to limit
movement of the diaphragm 36 in the transverse direc-
tion and to align the diaphragm 36 with the upper and
lower housings 30 and 32, and inserting each tab 84 into
the corresponding groove 86. The method may further
include forming a plurality of stops 88 in the upper hous-
ing 30 to define a predetermined distance between the
stops 88 corresponding to a length of the diaphragm 36,
forming a plurality of recesses 90 in the lower housing
for reception of the stops 88, locating the diaphragm 36
between the plurality of stops 88 to limit movement of the
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diaphragm 36 in the longitudinal direction and to align
the diaphragm 36 with the upper and lower housing 30
and 32, and inserting each stop 88 into the corresponding
recess 90.

[0115] In another aspect, a method of assembling an
irrigation drip emitter 10, the emitter 10 having a first
housing portion 30, a second housing portion 32, and a
diaphragm 36, comprises: forming one or more tabs 84
in one of the housing portions to define a first predeter-
mined distance corresponding to a first dimension of the
diaphragm 36; forming one or more stops 88 in one of
the housing portions to define a second predetermined
distance corresponding to a second dimension of the di-
aphragm 36; locating the diaphragm 36 to engage the
one or more tabs 84 to limit movement of the diaphragm
36 in a first direction and to align the diaphragm 36 with
the first and second housing portions 30 and 32; and
locating the diaphragm 36 to engage the one or more
stops 88 to limit movement of the diaphragm 36 in a sec-
ond direction transverse to the first direction and to align
the diaphragm 36 with the first and second housing por-
tions 30 and 32. The method may further comprise: form-
ing a plurality of barbs 74 in one of the housing portions
at predetermined intervals; forming a plurality of pockets
76 in the other of the housing portions at the predeter-
mined intervals, each pocket 76 configured for reception
of one barb 74; locating the diaphragm 36 between the
first and second housing portions 30 and 32; and inter-
locking each barb 74 with the corresponding pocket 76.
The method may also comprise applying copper to at
least a portion of the emitter.

[0116] The method of mounting the drip emitter 10 gen-
erally involves the formation of a continuous dripirrigation
tube 100 with internally-spaced discrete emitters 10,
which are inserted into the tube 100 during extrusion. As
the emitters 10 are inserted into the tube 100 during ex-
trusion, they are heat bonded to the inside surface 110
of the tube 100. The emitters 10 are fed into the tube 100
such that the longitudinal dimension of each emitter 10
is aligned with the direction of extrusion. The projection,
or chimney 26, preferably has an I-shaped cross-section
with the "I" oriented transverse to the longitudinal dimen-
sion of the emitter 10, i.e., the top and bottom portions
of the "I" are generally parallel to the longitudinal dimen-
sion of the emitter 10. Each emitter 10 is inserted such
that the chimney 26 engages the tube 100 causing a
bulge to form in the tube 100. The bulges pass under a
stationary cutter that blindly cuts each bulge and chimney
26 forming a supply tube outlet 120 with two openings
27, one on the forward side and the other on the rearward
side (rather than four smaller openings). The emitters 10
may be mounted to the inside surface 110 of the tube
100 at predetermined intervals.

[0117] The foregoing relates to preferred exemplary
embodiments of the invention. It is understood that other
embodiments and variants are possible which lie within
the spirit and scope of the invention as set forth in the
following claims.
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Claims

1.

An irrigation drip emitter comprising:

a housing including a first housing portion and
a second housing portion, the first housing por-
tion defining an inlet and the second housing
portion defining a pressure reducing flow chan-
nel and a first outlet;

a diaphragm mounted between the first housing
portion and the second housing portion and
forming in part a valve having an open position
and a closed position; and

a first flow path from the inlet through the valve
when in the open position, through the pressure
reducing flow channel, and through the first out-
let; and

wherein atleast one of the firstand second hous-
ing portions includes one or more members for
substantially fixed alignment of the diaphragm
to limit movement of the diaphragm.

The irrigation drip emitter of claim 1 further compris-
ing one or more tabs formed in one of the housing
portions to define a predetermined distance corre-
sponding to a width of the diaphragm, the one or
more tabs aligning the diaphragm to resist move-
ment of the diaphragm in at least a first direction.

The irrigation drip emitter of claim 2 further compris-
ing one or more stops formed on one of the housing
portions to define a predetermined distance corre-
sponding to a length of the diaphragm, the one or
more stops aligning the diaphragm to resist move-
ment of the diaphragm in at least a direction perpen-
dicular to the first direction.

The irrigation drip emitter of any of the preceding
claims wherein the first housing portion has a first
curved surface and the second housing portion has
a second curved surface, the first and second curved
surfaces having substantially the same radius of cur-
vature for mounting the firstand second housing por-
tions to an inside wall of a supply tube.

The irrigation drip emitter of any of the preceding
claims further comprising a post projecting from the
second housing portion and adapted for engage-
ment with an inside wall of a supply tube to form a
second outlet.

The irrigation drip emitter of claim 5 wherein the post
has an I-shaped cross-section that is oriented trans-
verse to a longitudinal dimension of the drip emitter
to define at least in part two outlet openings of the
second outlet.

The irrigation drip emitter of any of the preceding
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10.

11.

12.

13.

14.

claims further comprising a second flow path into a
pressure compensation chamber defined by the first
housing portion and the diaphragm.

The irrigation drip emitter of claim 7 further compris-
ing a metering chamber defined by the second hous-
ing portion and the diaphragm, wherein the dia-
phragm is deflected into the metering chamber in
response to pressure exerted against the diaphragm
by fluid flowing into the pressure compensation
chamber.

The irrigation drip emitter of claim 8 wherein the sec-
ond housing portion includes a grooved surface that
defines a portion of the metering chamber and
wherein the diaphragm is deflected toward the
grooved surface to regulate fluid flowing through the
first outlet in response to fluid pressure in the pres-
sure compensation chamber.

The irrigation drip emitter of any of the preceding
claims wherein the pressure reducing flow channel
comprises a plurality of baffles to cause directional
changes in fluid flow.

The irrigation drip emitter of any of the preceding
claims further comprising copper located down-
stream of the first outlet.

The irrigation drip emitter of claim 11 wherein the
copper is in the form of a copper member mounted
to the second housing portion or a copper layer ap-
plied to the second housing portion.

The irrigation drip emitter of claims 11 or 12 wherein
the copper is located in a chamber defined at least
in part by the second housing portion, the chamber
forming a copper ion bath for fluid flowing along the
first flow path.

A method of assembling an irrigation drip emitter,
the emitter having a first housing portion, a second
housing portion, and a diaphragm, the method com-
prising:

forming one or more tabs in one of the housing
portions to define a first predetermined distance
corresponding to a first dimension of the dia-
phragm;

forming one or more stops in one of the housing
portions to define a second predetermined dis-
tance corresponding to a second dimension of
the diaphragm;

locating the diaphragm to engage the one or
more tabs to limit movement of the diaphragm
in a first direction and to align the diaphragm
with the first and second housing portions; and
locating the diaphragm to engage the one or
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more stops to limit movement of the diaphragm
in a second direction transverse to the first di-
rection and to align the diaphragm with the first
and second housing portions.

15. The method of claim 14 further comprising applying
copper to at least a portion of the emitter.
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